In this note, the ideas employed in [1] to treat the problem of an ellipsoid intersected by a plane are applied to the analogous problem of a hyperboloid being intersected by a plane. The curves of intersection resulting in this case are not only ellipses but rather all types of conics: ellipses, hyperbolas and parabolas. In text books of mathematics usually only cases are treated, where the planes of intersection are parallel to the coordinate planes. Here the general case is illustrated with intersecting planes which are not necessarily parallel to the coordinate planes.
Introduction
The problem of a hyperboloid being intersected by a plane is described in Section 1. The means to treat the problem are provided in Sections 2, 3 and 4. In the end of Section 4 first results can be formulated in Corollaries 3 and 4. Further results concerning the center of the conic of intersection are given in Section 5. Finally in Section 6 the case of a parabola as intersecting curve is treated.
Let a hyperboloid be given with the three positive semi axes a, b, c 2  2  2  3  1  2  2  2  2 1,
where on the right hand side of (1) corresponds to a hyperboloid of one sheet, on the right hand side of (1) to a hyperboloid of two sheets. Let furthermore a plane be given with the unit normal vector
, , , n n n  n which contains an interior point or a boundary point of hyperboloid (1) . A plane spanned by 
Inserting the components of x into the Equation of hyperboloid (1) leads to the line of intersection as a quadratic form in the variables and u . Let the scalar product in for two vectors and be denoted by 
As is an interior point or a boundary point of hyperboloid (1) the right-hand side of Equation (3) is non-
need not be a scalar product in , the 3 R  matrix in Equation (3) is in general no Gram matrix. If the matrix in (3) is positive definite, then the line of intersection is an ellipse. 
holds. This will be shown in the next Section. Condition (7) ensures that the matrix in (3) has diagonal form.

In case  and the line of intersection reduces to
with
and
In case Equation (8) can be written as a conic  in translational form ,  ,  and  ,  .  , , 
where  is the distance of plane (2) from the origin.
Substituting into (10) one obtains employing (4), (5), (6) and (7)
The following rules of computation for the cross product in ( [2] , p.147) will be applied repeatedly later on. For vectors of the identity of Lagrange holds 
and the Grassmann expansion theorem for the double cross product 
n r n r n n r r n r
Furthermore one obtains according to the rules applying to the spar product:
r n r r n r
In case Equation (7) is not fulfilled for the initially chosen vectors and , i.e. , the following transformation may be performed with 
, and ( ,  n r) 0      s n r , which imply conditions (4), (5) and (6). The expression 
Proof: Utilising Corollary 1 one obtains:   2  2  2  2  2  2  3  3  1  1  2  2  1  2  2  2  2   2  2  2  3  1  2  2  2  2   2  2  2  2  2  2  2  3  1  3  1  2  2  2  2   2  2  2  1  2  3  2  2  2  2  2  2 1 1 1
For the cross products Applying diagonality condition (7) and the identity of Lagrange (16) leads to: 
with the diagonal matrices
According to Grassmann's expansion theorem for the double cross product (17)
follows, since 
where  is taken from (14). Proo The verification of (2
Step 1: Applying the identity of Lagrange (16) the llowing statements hold: 
one obtains from (29) using (18) and (30) 
Step usly to the verification of (24) the application of the identity of Lagrange (16) In contrast to the verification of (24), where diagonalthe analog ssion 
.
Substituting the involved cross products accor Corollary 2 and considering diagonality condition ob ding to (7) one tains
Squaring both sides of (34) and substituting the expressions from (31) leads to: 
Substitution of (35) in (32) leads to: 
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In this formula 1  corresponds to a hyperboloid of one sheet, 1  to a hyperboloid of two sheets. The area of the ellipse is given by:
pplying (25) . F ab
The same result is obtained from (1) putting
x q  and calculating the llipse w es area of an e ith the semi ax 
with the axes interchanged. Since is positive or zero, is fulfilled, so that for a hyperboloid of two sheets with the semi axes
the line of intersection is a hyperbola of the form 
D D t D D u
by: This can be verified using in the form (39) and employing condition (7) and Eq ion (15).
Corollary 6: Under the same assumptions as in Coroll ry 4 the line of intersection of hyperboloid (1) 
